The continuous decline in regeneration of two important species of central Himalayan oak, namely Quercus glauca and Q. leucotrichophora, is of great concern. A study was therefore, carried out to improve germination ability of these species using various presoaking treatments. Seeds of both the species lost viability following storage; tetrazolium staining pattern and germination capacity of seeds following different period of storage at 4 o C and 20 o C indicated retainment of viability for a period of 12 months at 4 o C. Of the various physical, chemical and plant growth regulator treatments examined to improve seed germination, only KNO 3 1.0 % was found to be effective. Seeds scarified at the chalazal end exhibited significant improvement in germination in both the species (94.4 % compared to 56.7 % in control in Q. glauca and 82.7 % compared to 64.0 % in control in Q. leucotrichophora). The results of this study impart simple methods to improve seed germination for developing nurseries for commercial purposes. 
INTRODUCTION
Quercus glauca (phaniyat oak) and Q. leucotrichophora (banj oak), distributed between 600 and 2000 m amsl (Champion and Seth, 1968) , are two important species amongst the 5 evergreen oak species found in the central Himalaya. The common associates of these species are Pinus roxburghii, Myrica esculenta, Lyonia evalifolia, Rhododendron arboreum, Pyrus pashia, etc. These two oak species occupy an important place in the region because of their significant contribution in soil and water conservation and to sustain rural ecosystems. The wood is used as fuel and for making agricultural tools, leaves as green fodder particularly during lean period and leaf litter as cattle bedding. In order to meet the needs, the species are being harvested indiscriminately from the natural populations. As a consequence, the forests have either been converted into poor grade oak forest or have been replaced by pine due to an alteration in natural habitat and poor natural regeneration through seeds (Singh et al., 1984; Troup, 1921) . Irregular fructification, consumption of seeds by animals (Troup, 1921) and loss of viability during storage for extended periods (Chalupa, 1995) have further overrated the problem of regeneration (artificial and natural). Propagation (clonal propagation) through stem cuttings is difficult in most of the oak species and has not been much successful in these species, moreover, seed weight also influence germination percentage (Purohit et al., 2003) . Only marginal success has been reported for cuttings collected from mature trees in Q. leucotrichophora, Q. glauca and Q. floribunda (Tamta et al., 2000 , Purohit et al., 2005 . In view of these facts, an effort has been made to influence seed germination using different physical, chemical and plant growth regulator (PGR) treatments so as to bring about an improvement in regeneration of these species.
MATERIAL AND METHODS

Seed Collection
Mature and dry seeds (acorns) of Quercus glauca Thunb. and Q. leucotrichophora L.A. Camus were collected (hand picked) from Ranman and Katarmal (Dist Almora) area of the central Himalayas, India during early September and in the end of December, respectively (Table 1) . Major attributes of seeds of both the species were recorded (Table 1) . Seeds were pretreated with Bavistin (0.05 %; w/v) solution for 30 min and wiped dry using blotting paper. Dried seeds were separated from the cupule and kept in open plastic containers at room temperature (22±2 o C; 24 hours) until used for germination trials. All the experiments were carried out in the laboratory and in the Institute nursery at Kosi (29 o 37' 30" N and 79 o 37' 15" E; 1150 m amsl). Seeds were sown 2.0 cm deep in polybags (16.0 cm h x 8.0 cm dia; one seed per bag) containing a mixture of soil, farmyard manure and sand in the ratio of 3:1:1 (v/v/v). The polybags, kept in open, were watered every alternate day till the experiments completed. Data were recorded daily from the start of germination. All experiments were conducted in a randomized block design (RBD) and each treatment for a given species consisted of 3 sets (each set consisted of 30 seeds; 3 sets x 30 seeds = 90 seeds). The following tests were conducted for detailed investigation:
Viability test
The seed coats were removed carefully from seeds after 24 h soaking in distilled water and submerged completely in 1,2,3 triphenyl tetrazolium chloride (TTC) solution (1 %, w/v; pH 7, 24 h, 25 °C, dark) and per cent viability was determined by counting the total number of stained (red) portions of embryo and cotyledons (I.S. T.A., 1993) . Seed viability of both the species was determined for freshly collected as well as for seeds upto 12 months of storage (at 4 and 20 °C).
Imbibition curve
To determine the water imbibition capacity of seeds, initial fresh weight of seeds (45 no.) of each species was recorded. Thereafter, seeds of each set were placed in a beaker containing distilled water (25 o C, dark). Seeds were removed at one hour interval, wiped with blotting paper to remove water from the seed surface and their weight recorded. Following recording of weight, the seeds were transferred back into beakers containing water and the process was repeated till a constant weight was obtained. An imbibition curve was plotted for an increase in seed weight percentage over initial weight against time.
Treatments to influence germination (a) Physical
These treatments include: (i) a cut on seed coat at the chalazal end using a sharp scalpel, (ii) Sun drying for 6 hours, (iii) Immersing in hot water at 50 o C for 5, 10 and 15 min, and (iv) Treatment in concentrated H 2 SO 4 for 2, 4 and 8 min (Tischler et al. 1994) . A set of seeds (90 nos.) consisting of 3 replicates was not subjected to these treatments and served as control.
(b) Chemicals and plant growth regulators
To examine the effect of different concentration of chemicals (Thiourea and KNO 3 ; 0.1, 0.5 and 1.0 % from Sisco Research Laboratories (SRL) Pvt. Ltd., India and Qualigens Fine Chemicals) and plant growth regulators (GA 3 and BA; 10, 25 and 250 M both from Sigma) on germination was used as presoaking treatments. Stock solutions of all chemicals were prepared in water or in 50 % ethanol (v/v) and stored at 4 o C until used; these were diluted with water just before treatment. The final concentration of ethanol in test solutions never exceeded 2.0 % (v/v). The replicate of seeds for each treatment was placed separately in a beaker (250 ml) for 48 h at 25 o C in dark containing appropriate solutions by giving occasional shaking. Treated seeds were subsequently subjected to germination test along with a set of control (untreated) seeds.
Analysis of variance (ANOVA) was performed using the Microsoft excel programme and the level of significance determined following Wilkinson (1986) . Least significant difference (P< 0.05) was determined for comparison of treatment means as described by Snedecor and Cochran (1967) .
RESULTS
The seeds of both the species, i.e., Quercus glauca and Q. leucotrichophora selected for the present study possessed hard seed coat (Table 1) . Based on the mean seed fresh weight, the Q. leucotrichophora seeds were heavier than Q. glauca along with higher moisture content (Q. leucotrichophora = 43.54 %; and Q. glauca = 36.44 %). Moreover, seed length and width were also higher for Q. leucotrichophora. In both the species the Physiol. Mol. Biol. Plants, 15(4)-October, 2009 
Viability test and effect of storage temperature
Freshly collected seeds of both the species were readily stained with TTC (2,3,5-triphenyltetrazolium chloride) but gradually lost their viability during storage (Table  2) . Total staining in Q. glauca was 67.7 % for cotyledon and 98.9 % for embryo, while in Q. leucotrichophora it was 92.2 % and 97.2 %, respectively. Seeds of both the species lost their viability during storage at both the temperatures i.e., 4 o C and 20 o C, however, the loss was more pronounced at 20 o C and in Q. glauca (Table 2) . Following storage at 4 o C, staining percentage of cotyledons of Q. glauca gradually decreased from 67.7 % (fresh seeds) to 45.6 % (12 months storage); a similar decreasing trend was observed in embryos from 98.9 % (fresh seeds) to 37.0 % (12 months storage). The staining percentage of cotyledons of Q. leucotrichophora seeds decreased from 92.2 % (fresh) to 51.2 % (12 months storage) and that of embryos from 97.2 (fresh) to 62.0 % (12 months storage) at 4 o C; a similar trend was observed for both cotyledons and embryo at 20 o C (Table  2) . Although TTC staining of embryos of both the species showed 90.0 % staining in freshly harvested seeds, the direct sowing of freshly collected seeds exhibited germinating capacity of 56.7 % for Q. glauca and 64.0 % for Q. leucotrichophora; the germination capacity also decreased with an increase in the period of storage for both the species at 4 o C and 20 o C (Fig.  1A & B) .
Imbibition capacity
The seeds of Q. glauca and Q. leucotrichophora did not show much variation in their water uptake capacity at 25 o C. The seeds imbibed water at a faster rate in the beginning and attained a saturation level within 48 h of imbibition (Fig. 2) .
Physical treatments
Due to the hard seed coat various physical treatments were tried to enhance the per cent germination. Scarification (at the chalazal end) of seeds increased the overall germination percentage. It increased from 56.7 % (control) to 94.4 % in Q. glauca and from 64.0 % (control) to 82.7 % in Q. leucotrichophora; these values were approximately 40 and 19 % higher in comparison to control (Table 3 ). The scarified seeds of Q. glauca showed early germination success also as highest germination was recorded within 8 weeks and it was completed till 17 weeks, however, in Q. leucotrichophora scarification did not show any significant increase in per cent germination upto the first 6 weeks, but after 12 weeks there was a marked enhancement. Germination percentage of seeds subjected to acid scarification with concentrated H 2 SO 4 for 2, 4, 8 min was found to be lower as compared to control and it decreased with increasing time of treatment. Drying the seeds in sun for 6 h also lowered the per cent germination when compared to control. Similar to acid scarification and sun drying, germination percentage following dipping the seeds in hot water for 5, 10, and 15 min was found to be lower than control except in Q. glauca when 5 min treatment marginally improved the per cent germination; it was lowest for seeds dipped in hot water for 15 min (Table 3) . Thus amongst the various physical treatments tried, scarification (cut at chalazal end) was found to be the most effective in this investigation (Table 3 ). ANOVA showed significant differences in per cent germination of seeds as a consequence of positive and negative effect of different physical treatments. Interaction between physical treatment and species was also found significant at P < 0.05 (Table 3) .
Chemical treatments
Presoaking treatment of seeds with KNO 3 or thiourea brought only a slight improvement in germination in some cases whereas it was ineffective or inhibitory in others (Table 4) . Presoaking treatment of Q. glauca seeds with lower concentration (0.1 and 0.5 %) of thiourea resulted in marginal increase, however the higher concentration (1.0 %) was inhibitory (35.5 % compared to 56.7 % in control). In Q. leucotrichophora, all the three concentrations (0.1, 0.5 and 1.0 %) of thiourea showed more of less a similar germination range (58.7-64.0 %) as control (Table 4) . Seeds treated with lower concentration of KNO 3 (0.1, 0.5 %) showed a decreasing (Q. glauca) or similar (Q. leucotrichophora) trend when compared with the respective control values. However, with the higher concentration of KNO 3 (1.0 %) an increase in per cent germination (Q. glauca 81.1 % and Q. leucotrichophora 73.3%) was observed in both the species, although these values were not significantly higher than control (Table 4) .
Plant growth regulator (PGR) treatments
Germination percentage of seeds following treatment with different concentrations of two PGRs (GA 3 and BA; 10, 25, 250 mM) is presented in Table 5 . In Q. glauca, treatments with lower concentrations of GA 3 (10 & 25mM) were not effective and values similar to control was recorded, but the higher concentration (250 mM) was effective. In Q. leucotrichophora, however, all the three concentrations of GA 3 were effective (Table  5) . Presoaking treatment with BA, in general, resulted in only marginal improvement in germination in both the species. The improvement in per cent germination with the PGRs examined for both the species were not found to be significantly different (Table 5) .
DISCUSSION
Natural regeneration of plant species depends upon the production of viable seeds, subsequent germination and successful establishment of seedlings. Since freshly collected seeds possess viability and are used for raising plants, it is necessary to examine if low temperature storage can be an effective methods of storage for delaying germination. Improper storage conditions do affect viability thus resulting in lower germination percentage. In the present study it was observed that seeds lost their viability during storage as a result of which per cent germination was found to decrease. Assessment of embryo/cotyledon staining pattern and direct germination test indicated that seeds of both the species could be stored for about a year at 4 o C. Hard seed coat do inhibit water uptake resulting in poor germination in this study, nevertheless scarification (cut through chalazal end) could enhance germination in both the species possibly due to immediate absorption of water and enabling the quick emergence of the radicle. The possible role of seed coat as a mechanical barrier (Bewley and Black, 1982) for radicle emergence was excluded because a high germination percentage of seeds occurred when seeds were scarified opposite the micropylar end.
Although the beneficial effect of acid scarification has been reported in some studies (Airi et. al., 1998; Das and Saha, 1999) , however, in the present study treatment with concentrated H 2 SO 4 for varying time periods was not beneficial and found to be detrimental for germination. This is due to corrosive and damaging effects of acid, which possibly penetrates the seed coat, and thus cause damage to the embryo. Such a detrimental effect of concentrated H 2 SO 4 has been reported for Bauhinia spp. (Upreti and Dhar, 1997) . In this study hot water treatment (50 o C) was harmful for seed germination as high temperature results in rapid loss of seed moisture and reduces seed viability (Kandya and Kandya, 1988) . Contrary to this, hot water treatments significantly improved the germinability of Bauhinia racemosa seeds (Prasad and Nautiyal, 1996) . In the present study sun drying treatment resulted in decreased germination and increased seed mortality probably due to leakage of solutes through the damaged cellular membranes as a consequence of rise in seed temperature.
Besides physical treatments various presoaking treatments were also examined in the present study to optimize seed germination in Q. glauca and Q. leucotrichophora. The present study suggests that among the various presoaking treatments water soaking of seeds for 48 h was most effective for achieving highest germination. In this study among various plant growth regulators examined, only GA 3 (250 M) resulted in improved germination in both the species, i.e. Q. glauca and Q. leucotrichophora. Similarly presoaking treatment with GA also improved germination in Q. rubra, and Q. falcata (Vogth, 1970; Bonner, 1976) and in other forest tree species, i.e. Myrica esculenta (Bhatt et al., 2000) . Effect of nitrogenous compounds thiourea and KNO 3 was also examined in this investigation to improve germination. Although thiourea treatment was ineffective in present study, however, Airi et al. (1998) reported improvement in some multipurpose tree species of Himalayan region. On the other hand KNO 3 (1.0 %) significantly improved germination in both the species Q. glauca and Q. leucotrichophora. Similar improvement in germination was reported in Azadirachta indica after seeds treated with 1.0 % KNO 3 (Kumaran et al., 1996) . The KNO 3 may combine an osmotic role on water uptake with a nutritional effect on protein synthesis. It is used as growth regenerating and germination -stimulating substance in many species (ÖztÜrk et al., 1994) .
Based on the staining pattern and germination capacity, it can be concluded that seeds of both the species can be stored for longer period. Among the various treatments tried out (physical, chemical and PGR) , only some of the treatments were beneficial to enhance germination percentage in both the species. The most effective treatment in improving germination was found cut at the chalazal end of seeds. This treatment is easy and can be helpful to foresters, nursery growers and local peoples for raising large scale nurseries.
